Abstract: An N-way power divider based upon meta-materials is presented. The divider essentially comprises a two-dimensional mosaic of both right-handed and lefthanded four-port unit cells. The power divider is square shaped and this allows ease of integration with amplifiers. The feasibility of the proposed divided is demonstrated by the simulation of a 20-way divider operating at 1 GHz.
been extensively investigated and applied to microwave devices including hybrids and power dividers [2] - [6] . These devices have all been based upon one-dimensional lefthanded and right-handed transmission lines. The propagation properties of twodimensional left-handed transmission structures have been investigated [7] . These investigations have been largely focussed on the investigation of the negative refraction phenomena encountered at the interface of two-dimensional right-handed and twodimensional left-handed regions [7] . Moreover, there are distinct left-handed and righthanded regions. In this letter we propose an N-way power divider comprising a twodimensional meta-material mosaic of left-handed and right-handed unit cells.
Principle of Operation:
The basic elements of the divider are transmission lines that exhibit left-handed An important feature of the power divider is that the R unit cells are connected only to L unit cells or transmission lines of type LTL, and vice versa for L unit cells. The significance is that all paths from the input port (port 1) to any output port (ports 2 to 21), there is zero insertion phase. Further, it can be shown that the voltages at the central node of each unit cell are equal in magnitude and phase, and are equal to that at the input and output ports. This is the infinite wavelength phenomena [6] in twodimensions. This also means that there is equal power division, and for the output ports terminated in matched loads (with impedance Z o ), the divider input impedance is Z o /N.
Simulation:
We considered the simulation of a 20-way power divider as shown in Figure 2 . Z o was chosen to be 100 Ω, and φ was set to 5.65° at 1 GHz. Conventional transmission lines were used to implement transmission lines of type RTL. The transmission lines of type LTL were artificially realised as a composite of conventional transmission lines (host medium), and lumped series capacitance and lumped shunt inductance similar to reference [7] . For both cases, the conventional transmission lines were of similar (but not identical) lengths and means that both L and R unit cells can have similar dimensions being about 8 mm by 8 mm when air-filled conventional transmission lines are used. The values of the lumped elements are comparable to values that have been used in practice [7] . Figure 3 shows the frequency responses of the key S-parameters such as the input reflection coefficient (S 11 ) and transmissions from the input port to the output port (S k1 , k ≠ 1). Due to symmetry it is only necessary to show transmissions S 21 , S 31 and S 41 . In the simulations, the reference impedance for port 1 was 5 Ω and 100 Ω for ports 2 to 21.
It can be seen that the power divider works as expected: matched input port and equal power division with equal phase. The slight de-tuning is due to inherent residual mismatch of the artificially realised left-handed lines. The input return loss is greater than 10 dB over a range of 600 MHz (or 60 % bandwidth). Over this band, the power division varies by only 0.6 dB with tracking better than 0.15 dB and 15°. Using only conventional right-handed transmission media, equal phase and equal power division could not be achieved to this level for a square shaped geometry. Moreover, a circular geometry such as that used in a radial power divider would be required [1] .
Conclusion:
In this letter we have shown a square shaped N-way power divider that essentially comprises a meta-material mosaic of unit cells that exhibit either left-handed or righthanded transmission behaviour. To achieve equal magnitude and phase power division 
